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(54) Maturation of dendritic cells by recombinant heat shock protein 70 (hsp70) 



(57) This invention relates to an ex vivo method for 
Inducing theTNF-ot free differentiation of immature den- 
dritic cells into mature dendritic cells as well as an ex 
vivo method for generating said mature dendritic cells. 
The induction of the differentiation of immature dendritic 
cells into mature dendritic cells is accomplished by using 
an effective amount of heat shock proteins of the hsp70 
family or a biologically acLive part thereof . The invention 



further relates to mature dendritic cells otainableby said 
ex vivo method. Furthermore, the invention is directed 
to therapeutic compositions comprising an effective 
amount of heat shock proteins of the hsp70 family or of 
said mature dendritic ceils as well as their use in the 
immunotherapy of neoplastic diseases. 
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Description 

[0001] This invention relates to ex vivo methods for 
inducing the TNF-a free differentiation of immature den- 
dritic cells into mature dendritic cells as weli as ex vivo 
methods for generating said mature dendritic cells. The 
invention further relates to mature dendritic cells obtain- 
able by said ex vivo method. Furthermore, the invention 
is directed to therapeutic compositions comprising an 
effective amount of heat shock proteins of the hsp70 
family or of sard mature dendritic cells as well as their 
use in the immunotherapy of neoplastic diseases. 
[0002] Cells respond to stress factors such as heat, 
hypoxia or viral transformation by the synthesis of a 
group of proteins called heat shock proteins (hsp) [1]. 
Members of the hsp70 group are eitherconstitutively ex- 
pressed (hsc70) or can be induced (hsp70) by stress 
factors [2]. They function as molecular chaperones for 
antigenic peptides in the endoplasmic reticulum and cy- 
toplasm and are involved in antigen processing and 
presentation [3]. As previously shown by the inventors, 
Hsp70 is also expressed on the surface of human tumor 
cells such as sarcomas, lung carcinoma and colon car- 
cinoma [4-7] and can act as a recognition structure for 
NK cells [8]. It has been proposed that hsps can also 
activate the innate immune response by acting as dan- 
ger signals [9-10] since hsp70 [11] and hsp60 [9] can 
directly induce the production of cytokines from mono- 
cytes and macrophages. Danger signals [12] are 
thought to be recognized by pattern recognition recep- 
tors on antigen presenting cells (APCs) [13-14]. Profes- 
sional APCs such as dendritic cells initiate an immune 
response after activation and form the link between the 
innate and an acquired immune response [15]. Imma- 
ture DC specialize in antigen capture and processing 
whereas mature DC are potent antigen presenting cells 
[17]. Dendritic cells are now widely recognized to play 
an important role in the immune response to tumors [1 6]. 
Therefore, the maturation of dendritic cells, i.e. the dif- 
ferentiation from immature into mature dendritic cells, 
has been a subject of intense investigation in the last 
years. 

[0003] Recently it has been shown by Singh-Jasuja 
et al.(2000) that the constitutively expressed hsp gp96 
can induce the maturation of dendritic cells derived from 
CD14+ monocytes [18]. 

[0004] However, high concentrations of gp96 (in the 
range of 30 - 100 u,g/ml protein) were needed for the 
generation of mature dendritic cells. An enhanced ability 
of the mature dendritic cells to present peptides to spe- 
cific T cells has not been described. 
[0005] Moreover, there have been further approaches 
in the prior art for inducing the differentiation of mono- 
cytes to mature dendritic cells: 
[0006] US Patent No. 5 849 589 (published on De- 
cember 12, 1998) describes a method for inducing the 
differentiation of a population of monocytes into a pop- 
ulation of cells comprising greater than 50% mature 



CD83@+ dendritic cells, said method comprising cultur- 
ing monocytes in an induction medium comprising gran- 
ulocyte/ macrophage-colony stimulating factor 
("GM-CSF"), interleukin-4 ("IL-4"), and tumor necrosis 
s factor-alpha ("TNF-alpha"), said GM-CSF, IL-4, and 
TNF-alpha being present simultaneously in said induc- 
tion medium in sufficient amounts to induce said differ- 
entiation. 

[0007] French Patent No. 2 777 906 (published on Oc- 

10 tober 29, 1999) describes a process for obtaining hu- 
man dendritic cells from monocytes In the presence of 
interleukin-4 (IL-4), granulocyte macrophage colony 
stimulating factor (GM-CSF) and tumor necrosis factor 
alpha (TNF-alpha). The process comprises several cru- 

15 ciai parameters comprising: (a) the addition of 1 -3 mg/ 
ml bicarbonate to the cuiture medium; (b) maintaining 
the pH at 7.2-7.4; (c) culturing in Teflon pots; and (d) 
using 1-25% autologous/homologous human serum. 
[0008] The above mentioned methods are suffering 

20 from the severe drawbacks that are related to the use 
of TNF-a. TNF-a has a preeminent role in initiating the 
immune response. While it is normally beneficial to the 
host, in situations of over-production, TNF-a itself can 
kill the host. For example, excess acute levels of TNF- 

25 a have been associated with toxic shock syndrome, 
while chronic over-production is associated with inflam- 
matory bowel disease, rheumatoid arthritis, and cirrho- 
sis of the liver. 

[0009] In the therapy, the dose-limiting toxicity of TNF- 

so a consists of thrombocytopenia, headache, confusion 
and hypotension. Thus, the toxicity of systemically ad- 
ministered TNF-a seriously limits its use fortherapeutic 
purposes. TNF-a has been most effective when used 
for regional therapy, in which measures, such as limb 

35 isolation for perfusion, are taken to limit the systemic 
dose and hence the toxicity of TNF-a (Mittleman, A., et 
al., 1992, Inv. New Drugs 10:183-190). 
[0010] Therefore, TNF-a containing compositions are 
not suitable for preparations which are intended for use, 

40 for example, in the clinical immunotherapy. 

[0011] Therefore, it is an object of the present inven- 
tion to provide methods for the maturation of dendritic 
cells which avoid the use of TNF-a. It is a further object 
of the present invention to provide mature dendritic 

45 cells, which show an enhanced ability to present pep- 
tides to specific T cells. 

[0012] These objects are solved by the features of the 
independent claims. Preferred embodiments are set out 
in the dependent claims. 

so [0013] By using an effective amount of heat shock 
proteins of the hsp70 family or a biologically active part 
thereof, an induction of the maturation of immature den- 
dritic cells (DC) derived from monocyte precursors to 
mature dendritic cells (DC) is performed. Furthermore, 

55 immature DC stimulated to mature DC with hsp70, for 
example with recombinant hsp70 (rhsp70, definition see 
below), show an enhanced ability to present peptides to 
specific CTL (cytotoxic T-lymphocytes) . Already small 
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amounts of hsp70 showed a higher effectiveness in in- 
ducing immature dendritic cells than previously used 
TNF-a. Therefore, hsp70 is useful for its adjuvant like 
properties in DC based immunotherapy of certain tu- 
mors and may be used as an alternative for the toxic 
cytokine TNF-a in the maturation of DCs. 
[0014] In general, the invention describes an ex vivo 
method for inducing the TNF-a free differentiation of im- 
mature dendritic cells into mature dendritic cells, said 
method comprising contacting the immature dendritic 
cells with an effective amount of heat shock proteins of 
the hsp70 family or a biologically active part thereof. 
[0015] Additionally, the invention comprises an in vivo 
method for generating mature dendritic cells, by per- 
forming the steps of inducing the differentiation of im- 
mature dendritic cells into mature dendritic cells, by con- 
tacting the immature dendritic cells with an effective 
amount of heat shock proteins of the hsp70 family or a 
biologically active part thereof free of TNF-a; and recov- 
ering said mature dendritic cells. Preferably, the recov- 
ery of the population of dendritic cells includes flow cy- 
tometry or cell isolation methods. 
[0016] In another aspect, the biologically active part 
of the hsp70 protein Is defined as the C-terminal domain 
of hsp 70. The hsp70s contain two principal domains. 
The N-terminal ATPase domain is the most conserved 
(about 64% residue identity among eucaryotic Hsp70s) 
while the C-terminal part is occupied by a more variable 
peptide-binding domain. This C-terminal domain turned 
out to show biological activity in the maturation of den- 
dritic cells. 

[0017] According to one preferred embodiment, the 
immature dendritic cells are generated by culturing 
monocytes in an induction medium containing granulo- 
cyte/macrophage-colony stimulating factor ("GM-CSF") 
and interleukin-4 ("IL-4"). Said cytokine mixture gives 
optimal results, although other mixtures have to be con- 
sidered. Therefore, the invention is not limited to the use 
of said cytokines. It is within the general knowledge of 
the skilled artisan to use other cytokine mixtures, where 
appropriate. Examples of other cytokines are IFN-a, 
IFN-7, IL1-p\ IL-2, PGE2 or IL-6. 
[0018] The concentrations of GM-CSF and IL-4 range 
from 125 to 2000 U/ml. Preferably, the concentrations 
of GM-CSF and IL-4 are between 500-1000 U/ml. 
[0019] In a preferred embodiment, the monocytes are 
plastic-adherent human blood monocytes and the den- 
dritic cells therefore are human dendritic cells which are 
capable of inducing T cell proliferation. 
[0020] According to one preferred embodiment, a 
method is provided, In which the dendritic cells are 
pulsed with an antigenic agent subsequent to matura- 
tion. One example of such an antigenic agent is the ty- 
rosinase 369-377 nonapeptide. Other preferred exam- 
ples of antigenic agents are tumor derived peptides and 
viral antigenic peptides. 

[0021] According to a preferred embodiment, the 
hsp70 used is recombinant hsp70 (rhsp70). This rhsp70 



may, for example, be generated by inserting the human 
gene for hsp70 into bacteria, which would then express 
the protein. Bacterial products may be removed by bind- 
ing to ATP agarose. 
s [0022] The hsp70 proteins can be used in a broad 
range of concentrations. However, in a preferred em- 
bodiment, the method involves maintaining the rhsp70 
concentration in the medium in the range of about 0.1 - 
1.0 (ig/ml and more preferably 0.5 u.g/ml. 
10 [0023] The invention is further directed to a TNF-a 
frccthcrapeuticcompositionforinducingthe maturation 
of immature dendriticcells comprising, as the only active 
maturation agent, an effective amount of heat shock 
proteins of the hsp70 family, preferably rhsp70, or a bi- 
ts ologically active part thereof, in combin ation with a phar- 
maceutical^ acceptable carrier. 
[0024] In another embodiment, the invention is direct- 
ed to a therapeutic composition comprising the mature 
dendritic cells made according to the methods of the 
so present invention, in combination with a pharmaceuti- 
cally acceptable carrier. 

[0025] These compositions preferably are vaccines, 
in which the hsp70/dendritic cells are present in physi- 
ological saline, suitable for administration by injection. 
2s For example, such a vaccine may be used by adminis- 
tering the dendritic ceil containing composition to a 
mammal, preferably to a human patient, for ex vivo cell 
transplantation therapy. 

[0026] Furthermore, in one embodiment, the above 
so mentioned therapeutic compositions are used in the im- 
munotherapy of neoplastic diseases. These neoplastic 
diseases consist of, but are not limited to, solid tumors 
and leukemias, although the use in the therapy of solid 
tumors is preferred. Solid tumors comprise, for example, 
35 tumors associated with malignant melanoma, breast 
carcinoma, colon carcinoma, pancreas carcinoma, 
prostate carcinoma, ovarian carcinoma, mesothelioma, 
neuroblastoma, renal cell carcinoma, non-small cell 
lung carcinoma, and AIDS-associated Kaposi's sarco- 
■»o ma. 

Description of the drawings: 

45 ~^ 

[0027] FACS analysis of CD40, CD 86 and CD83 ex- 
pression in monocyte derived DC. Monocytes were cul- 
tured for 8 days in medium containing GM-CSF and IL- 
4 alone (grey histogram) or in GM-CSF/IL-4 plus rhsp70 

so (0.5u.g/m!) added to the cultures on day 5 (black line, 
upper panel) or in GM-CSF/IL-4 plus rhsp70 (0.5u.g/ml) 
heat denatured (1 00°C, 20 min) (black line, lower panel) 
added to the cultures on day 5. The dotted line repre- 
sents isotype co ntrol antibodies wh ich sh owed the same 

55 fiuoresence intensities with the addition of rhsp70 or 
heat denatured rhsp70. The results are representative 
of 3 separate experiments. 
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[0028] Comparison of the effect of rhse 70 and rhp70 
on DC maturation. A) CD83 and B) CD1 4 expression on 
DC cultured for 8 days in medium containing GM-CSF 
and IL-4 alone (white bar) or in GM-CSF/IL-4 plus 
rhsc70 (grey bar) added on day 5 or in GM-CSF/IL-4 
plus increasing concentrations of rhsp70 (black bars) 
added on day 5, The results are representative of 2 sep- 
arate experiments. 

Figure 3 



studied. The results are representative of 3 separate ex- 
periments. 

Figure 5B 

5 

[0034] CD83 expression in monocyte derived DC cul- 
tured for B days in medium containing GM-CSF and IL- 
4 alone (black histogram) or in GM-CSF/IL-4 plus in- 
creasing concentrations of rhsp70 (0.1-0.7 u,g/ml) (grey 
10 histogram). The dotted line represents the isotype con- 
trol fluorescence. The results are representative of 3 
separate experiments. 



[0029] Effect of polymyxin B on hsp70 induced DC 
maturation . DC were cultured for 8 days in GM-CSF and 
IL-4 containing medium alone (white bar) or with the 
rhsp70 (black bar) added on day 5 or with rhsp70 plus 
polymyxin B (0.5u,g/ml) added on day 5 (grey bar). A 
FACS analysis of CD40, CD86, HLA-DR and CD83 ex- 
pression was done on day 8. The results are represent- 
ative of 2 separate experiments. 



[0035] CD83 expression in monocyte derived DC cul- 
tured for 8 days in medium containing GM-CSF and IL4 
alone (white bar) or in medium containing rhsp70 
(0.5^g/ml) (black bar). 




[0030] Antigen specific T cell stimulation. DC were 
cultured for 8 days in medium containing GM-CSF and 
IL-4 alone (DC-hsp) or with rhsp70 (0.5(ig/ml) added on 
day 5 of culture (DC+hsp). DC were then plated at 10 4 
/ well in 100(4.1 medium in 96 well round bottomed plates 
and pulsed with tyrosinase peptide "lug/ml (white bar) 
or 10 u.g/ml (black bar) for 2 h and then irradiated. 2x 
10* tyrosinase specific CTL were then added in a final 
volume of 1 00 jxito each well in medium containing 20% 
FCS and 100U/ml IL2. Control cultures containing non- 
tyrosinase pulsed DC plus CTL (dark grey bars) or DC 
alone (light grey bars) or CTL alone (CTL) were also in- 
cluded. 

[0031] A. The cells were cultured for 72h and 3 H thy- 
midine was added for the last 24h of culture. The results 
are the mean values of triplicate cultures plus or minus 
the standard deviation. The results are representative 
of 3 separate experiments. 

[0032] B. CulturesweresetupinparallelforlFN-gam- 
ma production. Supematants (100^1) were removed 
from each well after 24h and assayed for IFN-gamma 
production using an ELISA kit specific for IFN-gamma. 
The results are the mean values of triplicate cultures 
plus or minus the standard deviation. The results are 
representative of 3 separate experiments. 

Figure 5A . 

[0033] Phenotypic analysis of monocyte derived DC 
cultured for 8 days in medium containing GM-CSF and 
IL-4 alone (grey histogram) or in GM-CSF/IL-4 plus 
rhsp70 (0.6u.g/ml) (black line). The dotted line repre- 
sents an isotype control antibody. The isotype controls 
showed similar levels of fluorescence for all the markers 



[0036] CD40, CD86 and CD83 expression in mono- 
cyte derived DC cultured for 8 days in medium contain- 
25 ing GM-CSF and IL-4 alone (white bar) or in GM-CSF 
and IL-4 plus rhsc70 (0.5) u.g/ml (light grey bar) or 
rhsp70 (0.5|ig/ml) heated 100°C for 20 min (dark grey 
bar), or rhsp70 (0.5n,g/ml) (black bar). The results are 
representative of 2 separate experiments. 

30 

Figure 8 

[0037] A. Freshly isolated monocytes or B. Monocyte 
derived DC obtained after 8 days in culture in medium 

35 containing GM-CSF and IL-4 alone or C. Monocyte de- 
rived DC cultured in GM-CSF/IL-4 containing medium 
with a cytokine maturation cocktail added from day 6 to 
8 were stained for CD14 or CD83 and PE labeled. Cells 
were also incubated with FITC conjugated BSA or FITC 

40 conjugated rhsp70. FITC conjugated rhsp70 bound to 
CD 14 + monocytes and to immature DC (CD83 low or 
negative) but not mature DC (CD83 high) None of the 
cells bound FITC conjugated BSA. Results are repre- 
sentative of 3 separate experiments. 

45 

Detailed description of the invention: 

1 . Hsp70 induces the maturation of monocyte derived 
dendritic cells when added to immature dendritic cells: 

50 

[0038] The phenotype of the starting population of 
plastic adherent mononuclear cells used to generate DC 
was characterized by flow cytometry. The cells consist- 
ed of an average 70% monocytes. Human rhsp70 (0.5 
55 u.g/ml) was added to monocyte derived DC after 5 days 
of culture in GM-CSF and IL-4 containing medium and 
a FACS analysis was done on day 8. An increase in 
rhsp70 induced maturation was observed in comparison 
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to control cultures as evidenced by an increase in the 
expression of CD40, CD86 and CD83 molecules (Fig 

1. ). No increase in DC maturation was seen in parallel 
cultures after the addition of heat denatured (1 00°C, 20 
min) human rhsp70 (0.5 mg/ml) (Fig 1). 

[0039] When a comparison was made between the ef- 
fect of rhsc70 and rhsp70 on DC cell maturation, CD83 
and CD1 4 expression were the same as control values 
when rhsc 70 was added (Figs. 2A and 2B) whereas the 
addition of rhsp70 at the same concentration increased 
CD83 expression (Fig 2A) and decreased CD 14 expres- 
sion (Fig 2B). The addition of polymyxin B (a potent in- 
hibitor of LPS) to cultures had no inhibitory effect on 
hsp70 induced DC maturation (Fig 3). 

2. Dendritic cells induced to mature with rhsp70 show 
an enhanced ability to stimulate specific T cell clones: 

[0040] We performed a proliferation assay using 
HLA-A*0201 restricted T cell clones specific for the ty- 
rosinase 369-377 nonapeptide a known HLA-A*0201 
restricted CTL epitope. DC from compatible donors cul- 
tured in the presence of rhsp70 (0.5u.g/ml) from days 5 
to 8 showed an enhanced ability to stimulate tyrosinase 
specific T cell clones when pulsed with high or low pep- 
tide concentrations (1-10 u.g/ml) when compared to 
pulsed DC cultured in GM-CSF and IL-4 only (Fig 4A). 
In parallel cultures set up to measure IFN-7 production 
from the CTL clone, the DC cultured in the presence of 
rhsp70 (0.5u.g/ml) from days 5 to 8 and pulsed with ty- 
rosinase peptide also showed an increased ability to 
stimulate I FN-y production from tyrosinase specific CTL 
(Fig 4B). No I FN-y production was obtained from DC or 
CTL alone. Very low levels of IFN-vproduction were ob- 
served in DC /CTL cultures In which the DC had not 
been pulsed with tyrosinase peptide (Fig 4B). 

3. Hsp70 reduces the level of DC maturation when 
added to monocytes at the initiation of cuiture: 

[0041] Although rhsp70 could induce DC maturation 
when added to immature DC it was found that it had the 
opposite effect when added to monocyte cultures. 
[0042] Human rhsp70 (0.1-1 ng/ml) was added at the 
same time as GM-CSF and IL-4 to adherent monocytes 
at the initiation of culture, The DC generated after 8 days 
showed reduced levels of maturation in comparison to 
control cultures when rhsp70 was present in the cul- 
tures. FACS analysis showed a decrease in the expres- 
sion of CD1a, CD40, CD83, CD86 and HLA-DR mole- 
cules and an increase in the expression of CD1 4 in com- 
parison to control cultures (Fig 5A). The inhibitory effect 
was concentration dependent with the maximum effect 
being found between 0.5 and 0.7u.g/ml of rhsp70 (Fig 
5B). High or moderate CD83 expression could be found 
in some control cultures after 8 days but in each case 
the presence of rhsp70 from day 0 caused a reduction 
in the number of CD83 positive cells (Fig 6). Heattreated 



rhsp70 (1 00°C for 20 min) and rhsc 70 were also added 
at the initiation of culture at the same concentration as 
rhsp70 (0.5ng/ml) but had no inhibitory effect on DC 
generation (Fig 7). 

5 

4. Monocytes, immature DC and mature DC differ in 
their ability to bind rhsp70: 

[0043] Monocytes obtained after a 2h adherence to 
10 plastic were analyzed for their ability to bind rhsp70. A 
moderate number of CD14+ cells bound rhsp70 (Fig 
8A). When monocyte derived DC grown for 8 days in 
medium containing GM-CSF and IL-4 were incubated 
with the FITC labeled rhsp70 the immature DC express- 
's ing either low levels of CD83 or no CD83 bound rhsp70 
to a greater extent (Fig 8B) than the monocytes alone 
(Fig 8A). When the DC were stimulated to mature by 
adding a cytokine maturation cocktail (containing IL1-p\ 
lL-6, TNF-a, PGE2) to cultures on day 6 to day 8 the DC 
so expressing high levels of CD83 (mature) showed mini- 
mal binding of rhsp70 (Fig 8 C). FITC labeled BSA did 
not bind to either immature or mature DC populations 
(Fig 8 B & C). 

[0044] These results show the specific ability of 

25 rhsp70 to induce the maturation of immature (differenti- 
ated) DC. However the opposite effect is found when 
hsp70 is added to monocytes (differentiating precur- 
sors) at the same time as GM-CSF and IL-4 in that DC 
maturation is reduced. These effects were found only 

30 with rhsp70 and not with rhsc70 or heat treated rhsp70. 
We also show that immature DC could bind rhsp70 
whereas mature DC could not. Functional studies also 
revealed that immature DC stimulated with rhsp70 were 
better able to present peptides to specific T cell clones 

35 in comparisonto DC cultured in GM-CSFand IL-4alone. 
[0045] It has been reported that exogenous hsp70 
can bind to the surface CD 1 4 receptor of human mono- 
cytes with subsequent upregulation in the expression of 
pro-inflammatory cytokines such as TNF-a, IL-6 and 

40 IL1-p[11]. A combination of these cytokines plus PGE2 
has been used to induce the maturation of immature DC 
for immunotherapeutic purposes [19]. If monocytes in 
the presence of GM-CSF and IL-4 couid be triggered 
directly by hsp70 induced cytokines to differentiate into 

45 mature DC this as has been suggested [20] would not 
be the most efficient mechanism for inducing immunity 
since immature DC need to capture and process anti- 
gens. It was found [20] that the presence of hsp70 in 
tumor cell lysates could target immature DC precursors 

so and maintain the DC population in a more poorly differ- 
entiated state. With respect to monocyte precursors as 
we have shown the presence of hsp70 reduces the mat- 
uration of dendritic cells however it may be that in addi- 
tion to stimulating the production of IL1 -p\ IL-6 and TNF- 

ss « from monocytes [11], hsp 70 stimulates the production 
of other inflammatory cytokines such as M-CSF which 
would shift the balance more in the direction of mono- 
cytes [21]. Our own results have shown that immature 
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DC can bind and be stimulated to mature by rhsp70. In 
contrast, mature DC no longer bind rhsp70 which may 
be due to a down regulation of the receptor for hsp70. 
Another stress protein, gp96, can induce DC maturation 
[18] and the binding of gp96 by its receptor, recently 
characterized as CD91 [22 ] is also down regulated in 
mature DC [18]. Thus immature DC that can bind spe- 
cific heat shock proteins such as hsp70 and gp96 are 
more likely to be able to capture and process antigens 
whereas mature DC that have lost the ability to bind heat 
shock proteins would be better at antigen presentation. 
[0046] DendriticcellscanalsodeliverAgd irectly after 
incubation with preprocessed synthetic peptide to class 
I restricted cytotoxic T cells [23]. DC pulsed with tumor 
derived peptides have been used in immunotherapy tri- 
als of certain tumors such as melanoma [24], It has re- 
cently been reported that peptide pulsed mature DC are 
better than peptide pulsed immature DC in activating 
CD8+ T cell responses [25]. A tyrosinase peptide de- 
rived from melanoma Ags can be presented by DC in 
association with HLA-A*0201 molecules and stimulates 
a specific CD8+ T cell response [26]. When we used a 
CD8+ T cell clone that recognizes a peptide epitope de- 
rived from human tyrosinase we found that immature 
DC treated with rhsp70 were more efficient in presenting 
the tyrosinase peptide to the specific CTL cell clone. 
[0047] Thus immature DCs stimulated to mature with 
rhsp70 and then puised with tumor peptides according 
to the invention are very useful in enhancing a tumor 
specific immune response. 

[0048] Since recombinant hsp70 can enhance cy- 
tokine production from monocytes [11], and also en- 
hances NK cell proliferation and cytotoxicity whereas 
hsc70 does not [27], it appears that rhsp70 enhances 
both specific and innate immune responses. Hsp70 acts 
as a danger signal that is recognized by both DC and 
NKcells thus inducing the activation of both the adaptive 
and innate immune responses and promoting cross talk 
[28] between the two systems. Induction of hsp70 on 
tumors in vivo by hyperthermia may also provide a dan- 
ger signal to the immune system that promotes an anti 
tumor response in vivo [29]. 

Examples: 

1. Generation of dendritic cells: 

[0049] Peripheral blood mononuclear cells (PBMC) 
were prepared from leukapheresis samples by density 
gradient centrifugation over Ficoll/hypaque (Pharmacia, 
Biotech, Freiburg, Germany). To obtain CD14+ mono- 
cytes, 30 x1 0 s PBMNs were incubated in 75cm 2 plastic 
flasks (Nunc, Wiesbaden, Germany) for2h and the non 
adherent cells washed off. The adherent cells were then 
cultured for8 days in RPMI VLE (Biochrom, Berlin, Ger- 
many) supplemented with 2mM glutamine, 100 U/ml 
pen/strep (all from Life Technologies, Karlsruhe, Ger- 
many) and 1% autologous serum. To generate DCs, 



GM-CSF (50CU/ml) (Holzel Diagnostika, Koln, Germa- 
ny) and IL-4 (800U/ml) (Biomol, Hamburg, Germany) 
were added on day 0 and GM-CSF was added again on 
day 4 of culture. 

5 

2. Stimulation of monocytes and immature dendritic 
cells: 

[0050] Human recombinant hsp70 (0.1-1 |ig/ml) 
10 (StressGen Biotechnologies, Victoria Canada) was 
added to monocytes on the same day as the addition of 
GM-CSF and IL-4, day 0, (i.e. to differentiating precur- 
sors) or after the monocytes had been cultured in 
GM-CSF and IL-4 for 5 days (i.e. to differentiated DC). 
*s A FACS analysis of cell surface markers was done on 
day 8. Control cultures were set up in medium plus 
GM-CSF and IL-4 alone or with the addition of human 
recombinant hsc70 (0.5 -1^g/ml) (StressGen Biotech- 
nologies, Victoria, Canada) or human recombinant 
so hsp70 heated (0.5-1 ug/ml) (1 00"C for 20 min) either at 
the initiation of culture (day 0) or on day 5 of culture. 
Parallel control cultures containing polymyxin B (0.5u.g/ 
ml) (Sigma, Deisenhofen, Germany) were also includ- 
ed. 

25 

3. FACS analysis: 

[0051] The antibodies used to assess DC maturation 
by FACS analysis included CD1a, CD40, CD86 

30 (Pharmingen Hamburg, Germany), CD14 and CD83 
(Immunotech, Hamburg Germany) and HLA-DR. The 
isotype controls used included lgG1, lgG2a and lgG2b 
(all from Immunotech). Cells were washed in PBS con- 
taining 5% FCS. Staining was performed at 4°C for 30 

35 min using mouse mAbs to the markers mentioned 
above. The cells were then washed and incubated with 
PE-conjugated goat anti-mouse IgG (Dako, Hamburg, 
Germany) for 30 min at 4°C. The cells were then washed 
and resuspended in 500u.l of PBS (Life Technologies) 

40 plus 5% FCS (Biochrom). All FACS analyses were per- 
formed on a FACScan (Becton Dickinson, Mountain 
View CA) using Cell Quest Software. 

4. T cell proliferation assay and IFN-y production: 

45 

[0052] Monocytes were isolated from an HLA-A*0201 
donor as described above. Human DC were generated 
in GM-CSF and IL-4 containing medium. Hsp70 (0.5u.g/ 
ml) was added to immature DC from days 5 to 8 of cul- 

so ture. The cells were then harvested and resuspended 
at 1 0,000 DC/ well in 1 0Ojil of medium, in 96 well round 
bottomed plates (Nunc). Thecells were then pulsed with 
tyrosinase 369-377 peptide (1-10u,g/ml) for2h then ir- 
radiated. Tyrosinase peptide specific T cells 2 X 10 4 in 

55 I00p.l RPMI medium (Biochrom) containing 10% FCS 
and 1 0OU/ml IL2 (Biomol) were then added to each well. 
Control wells contained non tyrosinase pulsed DC and 
CTL or DC alone or CTL alone. Cells were incubated for 
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72 h at37°C and 1 uCi of 3 H thymidine (Amersham Phar- 
macia Biotech, Freiburg, Germany) was added to the 
wells for the last 24h of culture. The amount of 3 H thy- 
midine incorporated was detected using a microBeta 
counter (Beckman, Germany). 
[0053] Parallel cultures were also set up and the su- 
pematants (100uJ) removed after 24h of culture. The 
amount of IFN^y produced was determined using an 
IFN-y specific ELISA kit. (cytimmune, Maryland). 

5. FITC labeling of rhsp70: 

[0054] Recombinant Hsp70 (Stressgene) and BSA 
fraction V (Sigma) were incubated with FITC (Sigma) in 
0.1 M carbonate-bicarbonate buffer over-night at 4°C 
with gentle agitation. Free FITC and low molecular re- 
action by-products were removed by separating the mix- 
ture by gel filtration utilizing Sephadex G-2S. Fractions 
containing protein were collected. The number of FITC 
molecules was estimated to be between 3 to 4 per mol- 
ecule of protein by comparison of the optical densities 
at 280, 495, and 490 nm. The conjugated proteins were 
tested for identity by SDS-PAGE and immuno blotting 
with the respective specific antibodies against Hsp70 
(SPA810, Stressgene), and with anti-FITC mAb (Dako, 
Hamburg, Germany). 

6. FACS analysis of binding of FITC labeled rhsp70 to 
monocytes immature and mature DC: 

[0055] Monocytes were obtained after a 2h adher- 
ence of PBMC to plastic. The non adherent cells were 
washed off and the adherent cells collected. Immature 
DC were generated by culturing monocyte precursor 
cells in GM-CSF and IL-4 containing medium for 8 days 
as described in section 4.1. Mature DC were also ob- 
tained by adding a maturation cocktail containing IL-1p\ 
IL-6, TNF-ct and PGE2 [19] to DC on day 6 to day 8. 
Cells were stained for CD14 and CD83 and PE labeled 
as described in section 4.3. The cells were then incu- 
bated with the FITC-conjugated proteins for 30 min on 
ice in medium containing 1 % autologous serum at a con- 
centration of 1 0 ng/ml. After washing the cells were fixed 
with paraformaldehyde and analyzed by flow cytometry. 
Cells were also labeled with propidium iodide and pos- 
itive cells were gated out. 
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Claims 

1. An ex vivo method for inducing the TNF-a free dif- 
ferentiation of immature dendritic cells into mature 
dendritic cells, said method comprising contacting 
the immature dendritic cells with an effective 
amount of heat shock proteins of the hsp70 family 
or a biologically active part thereof. 

2. The method of claim 1 , wherein the biologically ac- 
tive part is the C-terminai domain of hsp 70. 

3. The method of claim 1 - 2, wherein said immature 
dendritic cells are generated by culturing mono- 
cytes in an induction medium containing granulo- 
cyte/macroph age-colony stimulating factor 
("GM-CSF") and interleukin-4 ("IL-4"). 
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4. An ex vivo method for generating mature dendritic 
cells, said method comprising: 

(a) inducing the differentiation of immature den- 
dritic cells into mature dendritic cells, by con- 
tacting the immature dendritic cells with an ef- 
fective amount of heat shock proteins of the 
hsp70 f ami ly or a b iologically active part th ereof 
free of TNF-a; and 

(b) recovering said mature dendritic cells. 

5. The method of claim A, wherein the biologically ac- 
tive part is the C-terminal domain of hsp 70. 

6. The method of claim 4 or 5, wherein said immature 
dendritic cells are generated by culturing mono- 
cytes in an induction medium containing granulo- 
cyte/macrophage-colony stimulating factor 
("GM-CSF") and interleukin-4 ("IL-4"). 

7. The method of claims 3 and 6, wherein the mono- 
cytes are human blood cell monocytes. 

8. The method of claim 7, wherein the monocytes are 
plastic-adherent monocytes. 

9. The method of any one of claims 1 - 8, wherein the 
mature dendritic cells are further pulsed with an an- 



18. Use of the composition of any one of claims 14-17 
in the immunotherapy of neoplastic di 



Use of the composition of any one of claims 14-17 
for inducing the TNF-a free maturation of immature 
dendritic cells 



10. The method of any one of claims 1 - 9, wherein hsp 
70 is recombinant (rhsp 70). 

11 . The method of claim 1 0, comprising maintaining the 
rhsp70 concentration in the culture medium in the 
range of about 0.1 - 1 .0 u,g/ml. 

12. The method of claim 1 1 , wherein the concentration 
of rhsp70 is about 0.5 u.g/ml. 

13. Mature dendritic cells obtainable by the methods of 
any one of claims 4 - 6. 

14. A TNF-a free therapeutic composition for inducing 
the maturation of immature dendritic cells compris- 
ing, as the only active maturation agent, an effective 
amount of heat shock proteins of the hsp70 family 
or a biologically active pari [hereof, in combination 
with a pharmaceutical^ acceptable carrier. 

15. The therapeutic composition of claim 14, compris- 
ing rhsp70. 

16. Therapeutic composition comprising the mature 
dendritic ceils of claim 13 in combination with a 
pharmaceutical^ acceptable carrier. 

17. The therapeutic composition of any one of claims 
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